Diabetes mellitus with abnormal glucose concentration is associated with changes in hemorheological properties, endothelial function, and platelets hyperactivity. Disturbances may significantly be responsible for diabetes-related vascular complications. People with diabetes are also more likely to have sleep problem/poor sleep. This study therefore investigated the hemorheologic effect of sleep deprivation on alloxan induced diabetic rats. Sixteen healthy male Wistar rats were used for the study randomly divided into non diabetic non sleep deprived, diabetic non sleep deprived, non diabetic sleep deprived and diabetic sleep deprived groups with four animals each. The animals were paradoxically sleep deprived for fourteen days with a sleep deprivation chamber. The result revealed an increase in whole blood viscosity, hematocrit, fibrinogen concentration and relative plasma viscosity in diabetic rats. However, these blood rheological properties decline in sleep deprived diabetic rats. This suggests that diabetes increase hemorheological indices which could lead to vascular complications; while sleep deprivation in normal and diabetic state reduces the hemorheological indices. It is therefore possible that paradoxical sleep deprivation did not synergistically with diabetic condition to alter blood rheological properties but otherwise.
Introduction
Diabetes mellitus (DM) is a group of metabolic disorders characterized by a chronic hyperglycaemic condition resulting from defects in insulin secretion, insulin action or both (Ozougwu et al., 2013) . Type 2 diabetes is caused by a combination of genetic factors related to impaired insulin secretion and insulin resistance and environmental factors such as obesity, overeating, lack of exercise, and stress, as well as aging. It is typically a multifactorial disease involving multiple genes and environmental factors to varying extents (Kaku, 2010) . Hemorheological parameters in diabetes mellitus are often disturbed. These parameters include (but are not limited to) hematocrit, plasma proteins, erythrocyte *Corresponding author email: olufemi2008@gmail.com aggregation, and erythrocyte deformability. The abnormalities associated with each of these parameters have been shown to markedly increase both plasma and whole blood viscosity (WBV) (Cho et al., 2008) . Studies have shown that vascular damage is one of the major characteristic of diabetes (Elishkevitz et al., 2002) , which is accompanied by rheological abnormalities that can cause hyperviscosity syndrome (Moutzouri et al., 2008) , that is, inadequate metabolic control associated with changing values of blood viscosity. Studies however have also shown that long term diabetes mellitus is associated with increased whole blood viscosity [Vigilance and Reid, 2005; Kaymaz et al., 2005) and decreased haematocrit (Thomas et al., 2006) . It has also been suggested that these abnormalities in blood rheology, may play a causative role in the pathogenesis of diabetic vascular complications (Zhao et al., 2006) . Sleep is a complex behavioral state spanning over onethird of the human life. Sleep deprivation consists either in a complete lack of sleep during a certain period of time or a shorter-than optimal sleep time which is commonly caused by contemporary lifestyle and workrelated factors (Orzeł-gryglewska, 2010) . The prevalence of sleep disorders is increasing in modern societies, where constant exposure to artificial light and interactive activities, such as television and the internet, combine with social and economic pressures to shorten the time spent asleep (Tufik et al., 2009) . Studies show that patients with diabetes experience more sleep problems than non-diabetic subjects (Nilsson et al., 2002; Happe et al., 2005) . Indeed, sleep loss may adversely affect glucose tolerance and involve an increased risk of diabetes (Spiegel et al., 2005) . Sleep disturbances are among the most prevalent impairments and may also have severe long-term effects upon health, including an increased risk of diabetes complications. Assessments of the effects of sleep loss on blood parameters associated with cardiovascular disease (CVD) is becoming a subject of considerable interest in view of the potential clinical relevance for the diagnosis and follow up of CVD patients (Andersen et al., 2004) . Cardiovascular morbidity and mortality represent a main challenge in diabetic patients (UK Prospective Diabetic Study Group, 1998; Young et al., 1996) . Considering chronic sleep deprivation as a debilitating factor, its effects on rheology properties of blood in diabetes has not been fully explored which necessitated this study in order to test the hypothesis that cardiovascular complications in diabetes might be mediated or aggravated by persistent sleep deprivation in patients.
MATERIALS AND METHODS

Experimental design
Sixteen healthy male wistar rats weighing between 180-250g were housed in cages under a 12hr light/dark cycle and provided with pelletized feed and water ad libitum. They were randomly assigned into four groups (n=4) of non diabetic non sleep deprived, diabetic non sleep deprived, non diabetic sleep deprived and diabetic sleep deprived.
Sleep deprivation procedure
Animals were placed in a sleep deprivation chamber modified from (Suckecki and Tufik, 2000) where animals are allowed to move around freely. Animals to be sleep deprived were placed in the glass chamber to deprive them of sleep for 18hrs beginning at 16:00h per Okomafe et al 017 day for 14days. After each 18h sleep deprivation the rats were allowed to sleep for 6hrs (sleep window beginning at 10.00) (Venᵔancio et al., 2012) . This sleep interval (10.00 to 14:00h) was chosen because this is when paradoxical sleep attains its highest expression and slow wave sleep homeostatic pressure is generated (Machado et al., 2004) .
Diabetes Induction
Diabetes was induced intraperitoneally using alloxan monohydrate powder at a dose of 100mg/kg of body weight; 48hours after induction, the glucose level of the animals were monitored using a glucometer (Accu check) and rats with blood glucose level above 250mg/dl were selected for the study (Huralikuppi, 1991) .
Blood collection
3ml of blood was collected into an EDTA bottle to measure whole blood viscosity, relative plasma viscosity and PCV while 2.25ml of blood was collected in 0.25ml of 3.8% sodium citrate to measure fibrinogen concentration. Plasma was collected by centrifugation at 2500rpm for 15mins.
Hemorheological analysis
Whole blood viscosity and relative plasma viscosity were estimated by the method described by Reid and Ugwu (1987) while Plasma Fibrinogen concentration was estimated by clot weight method of Ingram (1952) . Haematocrit was measured using microhaematocrit reader.
Statistical analysis
Data were expressed as Mean ± SEM. and analysed using one way analysis of variance (ANOVA) followed by post-hoc test, p≤0.05 was considered as significant.
Results
There were no significant changes in whole blood viscosity of the treated groups compared to the control. However, the values of DBSD and DBNSD were higher than the control (Figure 1 ). Figure 2 shows significant (p<0.05) increase in relative plasma viscosity of DBNSD compared to NDBNSD. a=P<0.05. Also relative plasma viscosity of DBSD also increase compared to NDBNSD but not statistically significant (P>0.05). Figure 3 shows 018 E3 J. Med. Res. the effect of sleep deprivation and diabetes on fibrinogen concentration. The diabetic non sleep deprived group (DBNSD) an elevated fibrinogen concentration compared to non diabetic non sleep deprived group though not statistically significant and also a decrease in fibrinogen concentration non diabetic sleep deprived group compared to non diabetic non sleep deprived group. There was a significant (P<0.05) reduction in hematocrit value of diabetic sleep deprived group compared to diabetic non sleep deprived group as observed in this study (Figure 4 ).
DISCUSSION
Rheology can be an important tool in monitoring patients with diabetes mellitus because of the changes in blood viscosity in the pathogenesis of diabetes (Cho et al., 2008) . In this study, whole blood viscosity (WBV), hematocrit (Hct) and fibrinogen concentration (FIBC) of diabetic rats were higher than the non diabetic rats but not statistically significant while the relative plasma viscosity (RPV) was significantly higher which is in conformity with some earlier works done in man Memeh, 1988, Khan et al., 2005) . Previous studies (Le Devehat et al., 2001; Cam et al., 2003; Vekasi et al., 2001) have also shown an altered and increase in these hemorheological parameters in diabetes patients. Blood viscosity and the development of diabetic angiopathy have been related to abnormal hematocrit, plasma viscosity, fibrinogen concentration and erythrocyte aggregation (Ziegler et al., 1994; Winberger and Baskurt, 2007) . As the osmolarity of the blood increases due to increased sugar level, the capillary permeability increases, thus increasing hematocrit and subsequently the blood viscosity (Meiselman et al., 1967; Rizvi and Zaid, 2001) .
The WBV, RPV, FIBC and Hct of non diabetic sleep deprived rats shows statistically insignificant (P˃0.05) reduction compared to non diabetic non sleep deprived rats indicating that sleep deprivation slightly reduced the blood rheological properties (Table 1) has been shown to be an independent risk factor for diabetes (Ayas et al., 2003) and has been associated with increased risk for hypertension (Ogawa et al., 2003) . Although the exact pathophysiological mechanisms underlying the association between sleep deprivation and cardiovascular disease have not been defined, several potential explanations can be proposed. First, sleep deprivation in rats causes a decrease in the activity of anti-oxidative enzymes accompanied by markers of cell injury (Everson et al., 2005) . Second, endothelin levels are elevated in sleepdeprived rats (Palma et al., 2002) . Obstructive sleep apnea (OSA) is another primary sleep disorder associated with cardiovascular disease (Wolk et al., 2003; Shamsuzzaman et al., 2003) . Sleep deprivation is one of the cardinal features of OSA. OSA has been linked to platelet activation (Bokinsky et al., 1995; Sanner et al., 2000) , elevated fibrinogen levels (Wessendorf et al., 2000) , increased whole blood viscosity, and decreased fibrinolytic activity (Rangemark et al., 1995) . Furthermore, the Hct was significantly reduced in diabetic sleep deprived rats when compared to diabetic non sleep deprived rats while the fibrinogen concentration, relative plasma viscosity and whole blood viscosity also reduced insignificantly. This suggests the role of sleep deprivation in the reduction of blood viscosity in diabetic rats over a certain period which is in conformity with work done by Andersen et al., 2004 where they observed decrease in WBV of aged rats which at the time, they believed these change couldn't have been due to sleep restriction alone. Ajonijobe et al., 2016 also reported that sleep deprivation decreases red blood cell count and packed cell volume which could be due to suppression of erythropoiesis. The reduced hematocrit may be due in part to stress induced vitamin D deficiency which is associated with sleep disorders (McCarty et al., 2014) . This is possible because hypovitaminosis D has been reported to induce hypophosphatemia which contributes to the severity of haemolysis (Mishra et al., 2015) .Sleep deprivation lowers hemorheological indices in normal and diabetic rats while diabetes elevates hemorheological indices as this study has shown. We therefore conclude that diabetes alters whole blood viscosity, hematocrit, relative plasma viscosity and fibrinogen concentration which could eventually lead to vascular complications. Meanwhile, Sleep deprivation does not aggravate the hemorheological indices in diabetic state.
